When conservative therapies are not eff ective in treating sinus infections, alternate steps can be taken to improve paranasal cavity ventilation. Th ese measures may include surgical procedures such as intranasal endoscopic or maxillary sinus fenestration, and other procedures such as placement of a maxillary sinus tube or a YAMIK sinus catheter. We conducted a prospective study of 25 patients to investigate the eff ects on the nasal mucosa of improved ventilation between the nasal and paranasal cavities. We accomplished this by comparing (1) the results of simultaneously measured nasal cavity and intramaxillary sinus pressures before and aft er widening of ventilation openings, (2) changes in mucociliary transport function as measured by the saccharin test, and (3) changes in nasal airway resistance. Just as multiple transit routes between the nasal cavity and maxillary sinus give rise to greater fl uctuations in intramaxillary sinus pressure, and just as rapid breathing gives rise to even greater pressure fl uctuations than does quiet breathing, we believe that both intranasal cavity airfl ow velocity and the number of ventilation openings present have an eff ect on the state of ventilation between the nasal cavity and maxillary sinus. We also suggest that the establishment of maxillary sinus ventilation openings improves mucociliary clearance.
Introduction
Incomplete ventilation between the nasal and paranasal cavities is believed to be a major factor in the prolongation of chronic sinusitis. When conservative therapies are not eff ective in correcting this condition, paranasal cavity ventilation openings can be widened by intranasal endoscopic or maxillary sinus fenestration, as well as by placement of a maxillary sinus tube or a YAMIK sinus catheter.
We conducted a study to compare pre-and posttreatment (1) simultaneously measured nasal cavity and intramaxillary sinus pressures, (2) changes in mucociliary transport function, and (3) changes in nasal airway resistance.
Patients and methods
Our patient population was made up of 25 Japanese patients-19 men and 6 women, aged 21 to 58 years (mean: 38.4)-with chronic paranasal sinusitis who presented with one or more maxillary sinus shadows on x-ray. Based on the extent of shadowing, 12 patients had severe sinusitis and 13 had mild sinusitis. Moreover, 9 of the 25 patients demonstrated a blockage of the middle meatus by nasal polyps.
Four diff erent types of treatment were administered to the 25 patients:
• 10 patients were treated by establishing maxillary sinus counteropenings via extranasal approaches based on the Caldwell-Luc method;
• 8 patients underwent widening of the natural maxillary sinus ostia with intranasal endoscopic surgery;
• 4 patients received an indwelling maxillary sinus tube; and ENT-Ear, Nose & Throat Journal ■ August 2011
Continued on page 381 times actually increased following treatment. In the 3 patients who received a YAMIK sinus catheter, saccharin times decreased.
Discussion
In patients with chronic paranasal sinusitis, improvement rates can be high following conservative therapy. 1 However, for refractory cases, surgical approaches and the placement of an indwelling sinus tube or YAMIK catheter may become necessary.
Functional endoscopic sinus surgery allows for the clearing of disease from target areas of obstruction, which in turn allows for ventilation of secondarily involved sinuses and a return of mucociliary transport function. [2] [3] [4] Mucociliary transport function is impaired in patients with chronic paranasal sinusitis. As a result, accumulated mucus cannot be eliminated through the natural ostia into the nasal cavities. Moreover, the blockage of the natural ostia renders ventilation inadequate.
Th e saccharin test is a quick and simple means of evaluating mucociliary transport function. Sakakura and colleagues demonstrated that saccharin time is a viable refl ection of mucociliary clearance by the mucosa of both the maxillary sinus the lateral wall of the nose. 5, 6 We observed a trend toward shorter saccharin times 1 month aft er each procedure was done, suggesting that the surgical establishment of maxillary sinus ventilation openings in patients with paranasal sinusitis refractory to conventional therapies improves nasal-paranasal cavity mucociliary transport function.
Although the use of inferior meatal antrostomy has declined, this procedure might still be useful for the management of sinus disease in some cases. Dependent drainage through an inferior antrostomy may benefi t patients with disturbed mucociliary transport-for example, patients with cystic fi brosis. 7 Th e long-term eff ects of meatal antrostomy were discussed recently by Yanagisawa et al. 7 Our study showed that intramaxillary sinus pressures along the nasal cavity-maxillary sinus exchange routes were greater when the patency of the natural ostia was augmented by counteropening. Th e pressures were better during rapid breathing than quiet breathing. We also found that the velocity of intranasal cavity airfl ow and the number of ventilation openings have an eff ect on the state of air exchange between the nasal cavity and maxillary sinus.
Th e YAMIK sinus catheter was designed as a novel device for the topical treatment of rhinosinusitis, and it may be helpful for patients who experience episodes of acute purulent infection following sinus surgery. 8, 9 However, to the best of our knowledge, there have been no previously published comparisons of pre-and post-treatment intramaxillary sinus pressure changes in patients who have received a YAMIK sinus catheter. Our study was small and only preliminary, but we did observe a marked increase in intramaxillary sinus pressure in 1 of the 3 patients who underwent this procedure.
Recently, Kutluhan et al reported the eff ect of uncinectomy without sinusotomy and natural ostial dilation on maxillary sinus ventilation in chronic rhinosinusitis. 10 In their experiment, the mean maxillary sinus pressure during inspiration was signifi cantly decreased to a negative value aft er uncinectomy. However, no signifi cant change was observed during expiration. Th e authors reported that the eff ects of decreased maxillary sinus pressure during inspiration aft er uncinectomy on mucociliary clearance and development mechanisms of chronic rhinosinusitis seem to be worth investigating.
Finally, our results indicate that it is possible to im- Tokyo). Th e highest and lowest inhalation and exhalation pressures during 3 breaths were averaged to produce a mean intramaxillary sinus pressure for each patient.
In the 8 patients in whom the natural ostia were widened, the pressure sensor was inserted into these ostia through the middle meatus, and measurements were taken in the same way. In the 4 cases in which indwelling tubes were placed, maxillary sinus tubing was inserted with the use of a spring-activated puncture device (SinoJect; Atos Medical AB; Hörby, Sweden), and the tube tip was connected to a pressure transducer via an adapter. In the 3 patients who underwent a YAMIK procedure, fl ushing and medicinal irrigation was performed twice.
Mucociliary transport function. Mucociliary transport function was measured by placing a 2.5 × 0.5-mm, 5-mg saccharin granule on the nasal septal mucosa at the leading edge of the middle concha. We then recorded the amount of time it took for the sensation of sweetness to be transported by the mucocilia back to the nasopharynx (saccharin time).
Nasal airway resistance. Nasal airway resistance • 3 patients underwent placement of a YAMIK sinus catheter (Yartec Medical; Yaroslavl, Russia).
Prior to treatment, all patients underwent simultaneous measurements of nasal cavity and intramaxillary sinus pressures, as well as measurements of mucociliary transport function and nasal airway resistance. Approximately 1 month aft er each procedure, the same measurements were repeated.
Nasal cavity and intramaxillary sinus pressure. Th e nasal cavity and intramaxillary sinus pressures for each patient were measured during both quiet breathing (20 breaths/min) and rapid breathing (40/min). Th e pres- Figure 1 . Graphs show the diff erences in measured values between patients who underwent a counteropening procedure (n = 10) and those who were treated with another procedure (n = 15).
A standardized system, easy to use. 
Results
Following treatment, changes in nasal cavity pressures were nearly synchronous with changes in internal maxillary sinus pressures (data not shown).
For comparison purposes, our patient population was fi rst divided into two groups: the 10 patients who underwent a counteropening procedure and the 15 patients who were treated by other means. Th e counteropening group had a signifi cantly higher mean intramaxillary sinus pressure during both quiet and rapid breathing than did the others (p < 0.01). Also, their mean saccharin time was shorter (but not signifi cantly so), and their mean nasal airway resistance value during both exhaling and inhaling was substantially (but not signifi cantly) less (fi gure 1).
Patients were then divided into two groups based on whether their middle meatus had been blocked by nasal polyps prior to treatment; there were 9 patients in the blocked group and 16 patients in the unblocked group. Aft er treatment, the patients with natural ostia patency had a signifi cantly higher mean intramaxillary sinus pressure during both quiet and rapid breathing than did the unblocked group (p < 0.01), and their mean saccharin time was signifi cantly shorter (p < 0.01). Th e unblocked group also had a substantially (but not signifi cantly) lower mean nasal airway resistance level (fi gure 2). Following treatment, the mean intramaxillary sinus pressure improved in all four treatment groups. Th e greatest changes were seen in the 18 patients who underwent a counteropening or ostia-widening procedure (p < 0.01) (fi gure 3). Of the 3 patients who underwent YAMIK catheterization, a marked increase in intramaxillary sinus pressure was seen in only one.
Saccharin times were decreased following treatment in all patients who underwent counteropening and ostia-widening procedures. Saccharin times were already within the normal range in the 4 patients who received an indwelling maxillary sinus tube, and these Figure 2 . Graphs show the diff erences in post-treatment values between patients whose middle meatus had been blocked by nasal polyps prior to treatment (n = 9) and those whose natural ostium had been unblocked (n = 16). with facial pain (n = 132) than in those without facial pain-3.78 and 4.78, respectively. Early CT may therefore be important in ruling out CRS as the cause of facial pain in those in whom this is the cardinal symptom. Finally, it is notable that 10 of the 50 patients (20%) in our pre-POC-CT group were lost to follow-up and never returned for a follow-up CT. Th erefore, it remains unknown (1) whether the 2 dropouts who had received an antibiotic indeed had CRS and (2) whether the remaining 8 had untreated CRS. Nevertheless, this fi nding highlights the role of POC-CT in providing comprehensive care and appropriate therapy that may inspire patients to comply with the diagnostic or treatment plan.
In summary, the present retrospective case-control analysis suggests that in patients who meet the symptomatic criteria for CRS but whose endoscopic fi ndings are normal, POC-CT may play a signifi cant role in generating a more precise diagnosis so that early, aggressive therapy can be instituted. Furthermore, patients with negative CT fi ndings need not be given unnecessary antibiotic or oral steroid therapy; instead, they can be referred for an allergy or neurologic evaluation as indicated. Further prospective studies are necessary to establish the role of POC-CT on long-term outcomes, antibiotic resistance, healthcare costs, and overall quality of care.
prove nebulizer mist fl ow in patients with paranasal sinusitis by establishing multiple ventilation openings, which increase the velocity of intranasal cavity airfl ow. Furthermore, when mucociliary transport function is improved, medicinal fl uids can exert their eff ect over a wider area, thus increasing nebulizer effi ciency.
